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Abstract 


The  distribution,  abundance,  species  composition,  and 
temporal  variation  of  subtidal  macrobenthlc  invertebrates  of  the 
Norfolk  Disposal  Site  were  studied.  The  macrobenthlc  infauna  and 
epibenthic  fauna  were  sampled  five  times  per  year  from  1979  to 
1981,  four  times  per  year  in  1982  and  1983,  and  three  times  in 
1984.  The  purpose  of  the  study  was:  (1)  to  present  recent 
Information  concerning  the  structure  of  macrobenthlc  communities 
of  the  Norfolk  Disposal  Site,  (2)  to  compare  this  study  with 
previous  studies  of  the  inner  continental  shelf  of  the  mid- 
Atlantic,  Southeastern  U.S.  and  of  the  lower  Chesapeake  Bay, 
and  (3)  to  examine  trends,  variability,  and  periodicity  in  the 
data  in  order  to  assess  future  monitoring  strategies. 

The  macrobenthlc  Infaunal  community  of  the  Norfolk  Disposal 
Site  can  be  characterized  as  diverse  and  typical  of  undisturbed 
areas  along  the  inner  continental  shelf  of  the  mid-Atlantic 
Bight.  The  Norfolk  Disposal  Site  does  not  contain  any 
significant  populations  of  commercially  important  macro- 
invertebrates  . 

Analysis  of  seasonal  and  year  to  year  trends  in  various 
community  and  species  parameters  indicates  the  need  for  continual 
updating  of  the  baseline  data  set  in  order  to  avoid  erroneous 
conclusions  from  future  monitoring  studies.  Decreasing  the 
frequency  of  sampling  within  each  year  could  obscure  Impacts  upon 
temporally  restricted  phenomena,  such  as,  periods  of  peak 
juvenile  recruitment. 


Introduction 


The  distribution  and  abundance  of  the  macrobenthlc 
invertebrates  of  the  inner  continental  shelf  off  the  mouth  of  the 
Chesapeake  Bay  were  studied.  Density  dominants,  community 
abundance,  species  diversity,  and  animal-sediment  relationships 
were  examined  from  data  gathered  at  five  stations  outside  the 
mouth  of  Chesapeake  Bay.  These  stations  were  part  of  an 
environmental  study  of  the  area  (designated  as  the  Norfolk 
Disposal  Site)  proposed  for  open  ocean  disposal  of  dredged 
materials  from  lower  Chesapeake  Bay  (Alden  et  al.  1980,  198la, 
1981b).  Samples  were  collected  five  time  per  year  from  1979  to 
1981,  four  times  per  year  in  1982  and  1983,  and  three  times  in 
1984.  Emphasis  was  placed  on  temporal  patterns  of  density 
dominant  species  and  various  community  parameters.  Multivariate 
statistical  models  were  developed  and  tested.  Results  of  those 
models  were  given  in  Dauer  (1984)  and  will  not  be  repeated  here. 

The  purpose  of  this  study  was:  (1)  to  present  recent 
information  concerning  the  structure  of  macrobenthlc  communities 
of  the  Norfolk  Disposal  Site,  (2)  to  compare  this  study  with 
previous  similar  studies  of  the  inner  continental  shelf  of  the 
mid-Atlantic,  Southeastern  U.S.,  and  lower  Chesapeake  Bay 
(Boesoh  1972,  1979;  Dauer  et  al.  1984;  Day  et  al.  1971;  Ewing 
and  Dauer  1982;  Frankenberg  and  Leiper  1977;  Maurer  et  al. 
1976;  Ni],  sen  et  al.  1980),  and  (3)  to  examine  trends, 
variability,  and  periodicity  in  the  data  in  order  to  assess 
future  monitoring  strategies. 


Materials  and  Methods 


Field  Collection 

The  macrofauna  of  the  Norfolk  Disposal  Site  were  sampled  at 
five  stations  located  on  two  intersecting  transects  (Fig.  1). 
The  Center  Site  (C)  was  located  approximately  15  nautical  miles 
east  of  Cape  Henry  (  36°  59*  N  75°  39'  W  ).  The  other  stations 
were  five  nautical  miles  due  north,  south,  east,  and  west  of  the 
Center  Site.  Sampling  occured  five  times  per  year  from  1979  to 
1981,  four  times  per  year  from  198I  to  1983»  and  three  times  in 
1984. 


A  box  core  sampler  (10x25x30  cm)  was  used  for  the  first 
cruise  (February  1979).  It  sampled  a  0.025  surface  area. 

Since  Its  use  proved  dangerous  and  time  consuming,  all 

subsequent  cruises  used  a  Shlpek  grab  which  samples  a  0.04  m'^ 
surface  area. 

Fifteen  box  core  samples  (February  1979)  and  fifteen  Shipek 
grabs  (May  1979)  were  taken  at  the  Center  Site  to  determine  the 
number  of  samples  required  for  an  ^  priori  determined  level  of 
precision.  Five  samples  of  grabs  were  taken  at  the  other  sites 
during  these  cruises.  All  grabs  were  washed  through  a  0.5  mm 
mesh-sized  screen,  relaxed  with  dilute  isopropyl  alcohol,  then 
preserved  and  stained  with  a  formalin-rose  bengal  solution. 

The  May  cruise  data  from  the  Center  Site  were  analyzed  to 
determine  the  number  of  Shipek  grabs  required  for  a  statistically 
reliable  estimate  of  the  macrofaunal  community.  Calculations 
were  based  on  the  following  formula; 
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where ; 


3  =  standard  deviation  of  the  preliminary  sample 


t  =  the  tabulated  t  value  at  the  0.05  level  with 
the  degrees  of  freedom  of  the  preliminary 
set  of  samples 

X  =  mean  density  of  the  preliminary  sample 

D  =  required  level  of  precision  expressed  as  a 

decimal  (Southward,  1966) 

Previous  work  with  benthic  organisms  has  shown  that  an  error 
of  30  to  35  percent  of  the  mean  will  give  a  statistically 
reliable  estimate  (Dauer  et  al.,  1979).  Assuming  a  30  percent 
level  of  precision,  3.7  Shlpek  grabs  per  site  would  be  required. 
Based  on  this  calculation  and  available  manpower,  five  Shipek 
grabs  were  taken  per  site  for  all  subsequent  cruises. 

At  each  site  an  eight  dram  sample  of  sediment  was  retained 
for  sediment  analysis.  If  the  sediment  changed  markedly  between 
grabs  at  a  site,  an  additional  sediment  sample  was  taken  and  the 

change  was  noted  in  the  log.  The  sediment  was  dry  sieved  and  the 

mean  particle  size  and  sorting  coefficient  were  determined  using 
the  formulae  of  Folk  (1974). 

The  eplbenthic  community  was  described  from  10  minute  trawl 


samples 

taken 

at  the 

North , 

South,  and 

Center 

Sites 

during 

each 

cruise 

(see 

Fig . 

1  )  . 

A 

10-ft  (3.05 

m)  beam 

trawl 

was 

used 

through 

May 

1980. 

A 

10- 

ft  (3.05  m) 

otter 

trawl 

was 

used 

thereafter . 


During  the  1980  and  1981  cruises,  a  rocking  chair 


dredge  was  used  to  determine  if  deeper  dwelling  commercially 
important  species  such  as  the  surf  clam  (Splsula  solldlsslma ) 
were  missed  in  the  trawls. 

Analysis 

All  taxa  collected  from  grab  samples  were  used  to  compute 
Indices  of  community  structure.  The  following  Indices  were 
calculated : 

Shannon's  Index  of  diversity: 

H'  =  Pi  log2  Pi 

where  p^  is  the  proportion  of  individuals  of  the  ith  species. 

Margalef’s  Index  of  species  richness: 

(  S  -  1  ) 

SR  = _ _ 

In  N 

where  S  is  the  total  number  of  species  and  N  is  the  total  number 
of  individuals. 

Pielou's  Index  of  evenness: 

H' 

J'  =  _ 

^max 

where  H'  is  the  Shannon  Index  of  diversity  calculated  above  and 
H[jjax  theoretical  maximum  diversity  possible.  It  is 

calculated  as  =  log2  S. 

Further  analysis  was  conducted  on  selected  dominant  species. 
These  were  determined  using  the  method  of  Biological  Index 


Ranking  (McCloakey,  1970).  The  top  ten  density  dominant  species 


were  determined  at  each  site  for  all  of  the  26  cruises.  The 
species  with  the  highest  density  at  a  given  site  and  cruise 
received  a  10  point  score,  the  second  received  a  9,  etc.  The 
fifteen  species  with  the  highest  scores  were  used  for  analysis  of 
spatial  and  temporal  patterns.  Taxonomically  problematic  taxa 
(e.g.  Oligocheata  spp.  and  Cirratulidae  spp.)  were  excluded  from 
further  analysis. 

The  selected  species  were  used  in  a  normal  classification 
analysis  of  the  sites  using  the  Bray-Curtis  similarity 
coefficient  and  group  average  sorting  on  logrl thmically 
transformed  data  (Boesch,  1977).  The  mean  density  of  each 
species  for  each  cruise  was  used  in  the  calculations. 
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Results 


Sediment  Analysis 

The  results  of  the  sediment  analysis  are  given  In  Table  1 . 
Overall,  there  appears  to  be  two  potential  groups  of  sites 
based  on  sediment  characteristics.  The  North  and  West  Site 
contained  moderately  well  sorted  sand  with  a  mean  particle  size 
In  the  fine  sand  range.  The  other  three  sites  contained 
moderately  sorted  sands  with  a  mean  particle  size  In  the  medium 
sand  range.  Normal  classification  of  the  sites  did  not  reveal 
any  distinctive  groupings  (Alden  et  al.,  1980,  1981a). 

Community  Analysis  -  Dominant  Species 

A  total  of  213  species  were  Identified.  Polychaetes 
comprised  51.2$  (109  species)  fo  the  fauna,  amphlpods  15.0$  (32 
species),  bivalves  10.3$  (22  species),  and  gastropods  8.9$  (19 
species).  See  the  Appendix  for  a  complete  listing  of  all  species 
collected . 

The  East,  Center,  and  South  Sites  contained  the  highest 
densities,  highest  species  richness,  and  lowest  eveness  values 
(Table  2). 

The  top  fifteen  dominant  species  are  presented  In  totals  and 
by  sites  In  Table  3.  Polychaetes  made  up  10  species  of  the  list, 
amphlpods  2,  bivalves  2,  and  echlnoderms  1.  The  East,  Center, 
and  South  Sites  contained  large  numbers  of  Polygordlus  sp., 
Splophanes  bombyx ,  and  Splo  setosa .  The  North  and  West  Sites 
shared  large  numbers  of  Ampellsca  verrllll .  The  West  Site  also 


contained  large  numbers  of  Amastlgos  caperatus  and  Apoprlonosplo 
pygmaea « 

The  temporal  patterns  of  total  community  density, 
diversity,  species  richness,  and  eveness  are  given  In  Figures 
2-6.  The  peaks  In  density  during  the  first,  third,  and 
sixth  years  were  due  to  large  Increases  In  the  populations 
o f S p  1  o  setosa  (1st  year)  and  Polygordlus  sp.  (3rd  and  6th  year) 
at  the  Center,  South,  and  East  Sites.  The  smaller  peak  In 
the  middle  of  the  fourth  year  was  due  to  Polygordlus  sp. 
These  population  Increases  resulted  In  low  values  of  diversity 
and  eveness  Indices.  Total  community  density  was  highest  In 
August,  1984. 

The  temporal  patterns  of  density  for  the  fifteen  dominant 
species  are  given  In  Figures  6-20.  The  patterns  of  density  over 
time  fall  Into  five  basic  patterns:  (l)lrruptlve  (herein  defined 
as  an  aperiodic  steep  Increase  of  a  given  species  by  two  or  more 
orders  of  magnitude  followed  by  a  steep  decline),  (2)  periodic  (a 
regular  rise  and  fall  In  density),  (3)  declining,  (4)  Increasing, 
and  (5)  Irregular  (no  obvious  pattern). 

Species  with  obvious  Irruptlve  patterns  were  Polygordlus 
s p .  (Fig.  6 ) ,  Apoprlonosplo  pygmaea  (Fig.  12),  Medlomastus 
amblseta  (Fig.  19),  and  Echlnarchnlus  parma  (Fig.  20).  Amastlgos 
caperatus  (Fig.  16),  Magelona  sp.  (Fig.  15),  and  S  plo  setosa 
(Fig.  13)  were  present  In  high  densities  at  the  beginning  of  the 
study  and  then  rapidly  decreased.  While  this  suggests  they  are 
Irruptlve  species,  we  have  no  Information  concerning  their 
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population  dynamics  before  their  populations  decreased. 


Several  species  showed  some  form  of  a  seasonal  (periodic) 
pattern.  The  amphipods  Ampelisca  verrilli  and  Protohaustorius 
deichmannae  showed  peak  densities  in  the  summer.  This 
corresponds  with  juvenile  recruitment  (see  Fig.  9  ,  17). 
Spisula  solidissima  (Fig.  18)  densities  have  peaked  each  year; 
however,  the  timing  of  the  peaks  has  ranged  from  winter  to 
summer.  Spiophanes  bombyx  (Fig.  7)  also  showed  signs  of 
periodicity  with  peaks  generally  in  the  summer. 

Nephtys  picta  (Fig.  8)  ,Tellina  agilis  (Fig.  11)>  and 
Magelona  sp.  (Fig.  15)  have  generally  declined  over  the  last  six 
years . 

An  overall  similarity  dendogram  (Fig.  21)  which  clusters 
the  average  densities  (of  all  cruises)  of  the  fifteen  dominant 
species  with  sites  showed  that  the  Center  and  South  Sites 
contained  the  most  similar  fauna  while  the  West  Site  was  the 
least  similar. 


The  trawl  results  are  given  in  Table  4.  Crangon 
septemspinosa  accounted  for  54$  of  the  individuals  collected. 
Echlnarachnius  parma  accounted  for  17$.  The  remaining  29$  were 
divided  among  83  additional  taxa.  No  significant  populations  of 
commercially  important  species  were  collected  in  any  trawl.  No 
commercial  species  were  collected  in  the  rocking  chair  dredges 
taken  in  1980  and  I98I. 


Discussion 


Comparison  of  1984  cruises  with  previous  years 


The  results  of  the  first  three  and  five  years  of  this  study 


are  reported  in  Dauer  et  al.  (1984)  and  Dauer  (1984), 


respectively.  During  this  sixth  year,  coarser  sediments  than 


previously  collected  were  present  at  the  South  Site.  Over  the 


six  years  of  study,  sediment  changes  while  on  station  have 


occured  at  the  Center  Site  more  often  than  at  other  Sites.  The 


mean  grain  diameter  at  all  sites  ranged  from  coarse  to  very 


fine  sands.  This  heterogeniety  of  sediments  is  probably  due  to 


the  presence  of  relic  beds  of  sediment  from  the  Susquehanna  River 


which  flowed  through  the  area  during  the  ice  ages.  Storm  events 


can  expose  or  cover  portions  of  these  relic  sediments  (Dr. 


Ludwig,  Dept.  Oceanogr.,  ODD,  pers.com.). 


Magelona  sp.  continued  its  decline  in  density  and  has 


dropped  from  the  top  ten  density  dominants  (Table  3).  In  trawls. 


Crangon  septemspinosa  was  collected  in  such  high  numbers  that 


overall,  its  percentage  of  individuals  collected  rose  from  44$ 


(see  Dauer,  1984  ;  Table  4)  to  54$.  Enough  individuals  of 


Ampelisca  verrllll  were  collected  at  the  North  Site  for  it  to 


rank  8th.  Crepidula  plana  was  dropped  from  the  top  ten  most 


common  taxa  at  the  North  Site.  Polygordlus  sp.  set  a  density 


record  for  this  study  with  26,605  individuals  per  m^  in  grab 


samples  at  the  Center  Site  during  the  August  1984  cruise. 


As  in  previous  years,  no  commercial  species  were  found  in 


significant  numbers 


While  the  surf  clam,  Splsula  solidlssima 


was  found  in  sufficient  numbers  to  rank  13th  in  the  density 
dominant  list  (Table  3),  no  individuals  larger  than  1  cm  (less 
than  half  an  inch)  were  collected.  Apparently  the 

population  of  solidissima  at  the  Norfolk  Disposal  Site  never 

reaches  maturity  due  to  natural  conditions. 

Comparisons  with  other  studies 

Day  et  al.  (1971)  conducted  a  survey  along  a  transect  off 
Cape  Lookout,  North  Carolina.  Of  the  dominant  species  listed  for 
the  inner  shelf  sites  only  Polygordlus  sp.  and  Magelona 
papilllcornis  (ours  is  either  that  species  or  Magelona  rosea) 
were  common  to  both  studies.  Cape  Hatteras,  north  of  Cape 
Lookout,  is  considered  a  major  zoogeographic  boundary  (Gosner, 
1971).  This  perhaps  accounts  for  the  low  degree  of  similarity; 
however,  this  zoogeographic  pattern  is  often  based  on  decapod,  or 
mollusc  distributions  (Gosner  cites  a  decapod  distribution),  and 
zoogeographlc  patterns  of  polychaetes  and  amphipods  are  not  as 
distinct  (see  Boesch,  1979). 

Maurer  et  al.  (1976)  studied  the  benthic  community  off  the 
Delmarva  Peninsula.  In  their  Table  8  they  list  taxa  considered 
"typical"  for  the  Delmarva  area.  Of  eleven  polychaetes  listed, 
three  species  ( Polygordlus  sp.,  Magelona  spp.,  and  Spiophanes 
bombyx )  were  density  dominants  in  this  area.  Two  of  their 
polychaetes  were  clrratulids  (Caulleriella  sp.  and  Tharyx  sp.). 
These  are  problematic  taxa  and  were  not  included  in  our  density 
dominant  analysis.  Clrratulids  were,  however,  commonly  collected 
from  the  Norfolk  Disposal  Site.  Two  of  their  five  "typical" 
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pelcypods  (Splaula  aolldlaslma  and  Ceraatoderma  plnnulatum)  were 
found  here.  Two  of  their  five  gastropods  (Nassarius  trivittatus 
and  Polinioes  duplioatus )  were  regularly  collected  in  our  trawls. 
Both  of  our  density  dominant  amphipods  (Protohaustorlus 
delchmannae  and  Ampellsca  verrilli )  were  considered  "typical”  of 
the  Delmarva  area.  Of  the  five  additional  taxa  on  their  list, 
two  ( Unolola  Irrorata  and  Trichophoxus  epistomus )  were  collected 
here.  Both  decapods  listed  ( Cancer  irroratus  and  Cancer 
borealis )  were  collected  in  our  trawls.  Two  of  three  listed 
echlnoderms  ( Asterlas  f orbesi  and  Echinarachnlus  parma )  were 
density  dominants  in  our  trawls.  None  of  the  three  species  of 
isopodsor  three  species  of  cumaceans  they  listed,  were  collected 
in  our  study. 

Boesch  (1979)  conducted  a  two-year  survey  of  the  inner 
shelf  communities  from  off  the  coast  of  New  Jersey  and  the 
Delmarva  Peninsula.  He  found  that  total  community  densities 
ranged  between  2,000  and  10,000  individuals  pei'  m^.  This 
compares  favorably  with  our  overall  density  of  3,491  individuals 
per  m2.  His  Shannon's  diversity  value  was  about  3.5  (estimated 
from  a  figure)  compared  to  our  3.49  overall  figure.  His  eveness 
values  were  estimated  at  0.62.  Our  figure  compares  favorably  at 
0.68. 

Boesch's  list  of  the  top  10  dominant  species  were  all  found 
in  our  study  with  the  exception  of  his  top  ranked  tanaid 
(Tanaissus  1111 jeborgl ) .  Five  of  his  top  ranked  species  were  top 
ranked  in  this  study.  The  differences  between  the  studies  are 
probably  due  to  the  Influence  of  the  nearby  Chesapeake  Bay  and 


overall  sediment  differences  (his  sites  contained  generally 
coarser  sand). 

Nilsen  et  al.  (1980)  analyzed  distributions  of  organisms  and 
sediments  of  the  lower  Chesapeake  Bay.  They  ranked  organisms  for 
different  salinities  and  sediment  types.  Their  top  10  rankings 
for  poly-euhaline  sand  stations  (those  closest  to  our  West  Site), 
contained  four  species  in  common.  Two  of  those  species, 
Amastigos  caperatus  (given  as  Capltellidae  sp.A)  and  Medlomastus 
amblseta  were  predominant  in  the  West  Site  or  West  and  North 
Site. 


Ewing 

and  Dauer 

(1982) 

also 

sampled 

sandy  sites  within 

the 

mouth  of 

Chesapeake 

Bay . 

They 

list  14 

density  dominant 

and 

characteristic  taxa.  Five  of  those  were  density  dominants  in  our 
study.  Three  of  those  five  common  species  (Medlomastus  ambiseta , 
Amastigos  caperatus ,  and  Ampelisca  verrilll )  were  found  in 
relatively  higher  densities  in  our  West  or  West  and  North  Sites. 

Dauer  et.  al.  (1984)  sampled  along  a  transect  along  the 
lower  Chesapeake  Bay.  Their  top  10  density  dominants  for  clean 
sand  sites  contained  four  species  in  common  with  this  study. 
These  four  species  were  Identical  to  those  found  by  Nilsen  et  al. 
(  1980) . 

Monitoring  Implications  and  Conclusions 

The  need  for  continual  monitoring  is  emphasized  by  sudden 
population  explosions  that  can  occur  naturally  (e.g.  Polygordlus 
sp.  in  August  1984  and  Spio  setosa  in  February  1979).  These  can 
cause  marked  shifts  in  robust  community  parameters  such  as 
Shannon's  diversity  (H')  and  Pielou's  eveness  (J')  (see  Figures  2 
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and  3).  Identifying  these  Irruptlve  species  is  essential  to 
avoid  erroneous  conclusions.  Also,  irruptlve  species  in  one 
area  may  not  behave  similarly  in  other  areas.  For  example, 
Splophanes  bombyx  varied  by  more  than  four  orders  of  magnitude 
in  similar  sediment  types  in  Georgia  (Frankenberg  and  Lelper, 
1977).  Splophanes  bombyx  has  exhibited  periodic  fluctuations 
of  about  one  order  of  magnitude  during  our  study.  Also, 
yearly  shifts  in  the  community  structure  result  in  greater 
similarity  of  sites  within  a  year  than  to  sites  between  years 
(see  Dauer,  1984;  Fig. 6).  These  yearly  community  shifts  have  not 
exhibited  any  regular  pattern,  thus  quick  or  "instant" 
predictions  at  the  Norfolk  Disposal  Site  are  not  possible. 

Potential  predictive  value  may  be  found  using  those  species 
which  exhibit  regular  seasonal  patterns.  Deviation  from  a 
regular  pattern  may  indicate  an  Impact.  Two  of  the  species 
categorized  as  periodic  for  the  Norfolk  Dlsosal  Site  (see 
Results)  are  surface  dwelling  amphipods  (Ampellsca 
verrilll  and  Protohaustorlus  delchmannae ).  They  are  probably 
Important  food  items  for  bottom  feeding  fishes.  Alteration 
in  their  natural  density  patterns  could  have  a  measurable 
impact  on  fish  populations. 

It  is  also  possible  that  natural  variation  in  the  benthic 
community  occurs  on  a  time  scale  of  several  years.  In  examining 
the  total  community  density  graph  (Fig.  2),  high  densities 
(over  10,000  per  m^  have  occured  in  the  first  and  sixth  years. 
At  this  time,  it  is  too  early  to  tell  if  this  fluctuation  is 
regular.  Generally  densities  in  our  study  hovered  between 
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APPENDIX  -  SPECIES  LIST  FOR  THE  NORFOLK  DISPOSAL  SITE 


CNIDARIA  :  ANTHOZOA 

Anthozoa  3pp. 

PLATYHELMINTHES  :  TURBELLARIA 
Turbellaria  spp. 

NEMERTEA 

Nemertea  spp. 

ANNELIDA  ;  POLYCHAETA 
Aedlclra  sp . 

Aglaophamus  clrclnata  (Verrill) 
Aglaophamua  verrllll  (McIntosh) 

Amas tlgos  oaperatua  Ewing  and  Dauer 
Ampharete  acublf rons  Grube 
Ampharebe  amerloana  Day 
Ampharete  arctloa  Malmgren 
Ampharebe  parvadentata  Day 
Ampharetidae  spp. 

Amphlnomldae  sp. 

Anclstrosyllls  har tmanae  Pettibone 
Anblnoella  sarsl  (Malmgren) 
Apoprlonosplo  pygmaea  (Hartman) 
Arabellldae  sp. 

Arlcldea  catherlnae  Laubler 
Arlcldea  cerruttl  Laubler 
Arlcldea  f ragllls  Webster 
Arlcldea  wassl  Pettibone 
Armandla  maoulata  (Webster) 

Asabellldes  oculata  (Webster) 

Asyohls  oarollnae  Day 
Asychls  elongata  (Verrill) 

Autolytus  spp. 

Boccardla  s p . 

Branla  pusllla  (Dujardln) 

Branla  welf leetensls  Pettibone 
Capltella  capltata  (Fabriclus) 
Capltella  spp. 

Capltellldae  spp. 

Clrratulldae  spp. 

Clrrophorus  f urcabus  (Hartman) 
Clymenella  spp . 

Clymenella  torquata  (Leldy) 

Dlapatra  cuprea  (Bose ) 

Dorvllleldae  spp. 

Drllonerels  longa  Webster 
Drllonerels  magna  Webster  and  Benedict 
Drllonerels  spp. 

Eteone  heteropoda  Hartman 
Eteone  lactea  Claparede 
E! t e o n e  longa  (Fabriclus) 

Eumlda  sangulnea  (Oersted) 

Exogene  hebes  (Webster  and  Benedict) 

F labe 1 1 Igera  af finis  Sars 


Glycera  amer loana  Leidy 
Glycera  caplbata  Oersted 
Glycera  dlbranchlaba  Ehlers 
Glycera  robuatua  Ehlera 
Glycera  app . 

Gonladella  gracllla  (Verrill) 

Gyptia  brevlpalpa  (Hartmann-Schroder ) 

Harmothoe  extenuate  (Grube) 

Hemlpodua  roaeua  Quatrefagea 
Leltoacoloploa  f ragllla  (Verrill) 

Leltoacoloploa  robuatua  (Verrill) 

Lepldonotua  aublevla  Verrill 
Lumbrlnerldae  app. 

Lumbrinerldea  acuta  (Verrill) 

Lumbrlnerla  f ragilla  (Muller) 

Lumbrlnerla  tenula  Verrill 
Macroclymene  zonalla  (Verrill) 

Magelona  ap. 

Maldanldae  app. 

Marphyaa  belli  (Audouin  and  Milne-Edwarda ) 
Mediomaatua  amblaeta  (Hartman) 

Mlcrophthalmua  aczelkowii  Mecanikow 
Mlcropthalmua  a Iml 1 1  a  Bobretaky 
Mlcrophthalmua  f ragilla  Bobretzky 
Mlnuaplo  clrrlf era  (Wiren) 

Nephtyldae  app. 

Nephtya  bucera  Ehlera 
Nephtya  Inciaa  Malmgren 
Nephtya  plcta  Ehlera 
Nereldae  app. 

Nerela  acuminata  Ehlera 
Ninoe  nlgrlpea  Verrill 
Notoclrrua  aplnif erua  (Moore) 

Notomaa tua  hemlpodua  Hartman 
Notomaa tua  laterlceua  Sara 
Onuphidae  app . 

Onuphla  eremlta  Audouin  and  Milne-Edwarda 
Ophelia  dentlculata  Verrill 
Ophelia  ap . 

Owenla  f ualf ormla  delll  Chiaje 
Paleanotua  heteroaeta  Hartman 
Paradoneia  lyra  (Southern) 

Paranaltia  polynoldea  (Moore) 

Paranaitla  apecloaa  (Webster) 

Paraonldae  app. 

Paraonla  f ulgena  (Levinaen) 

Paraonla  pygoenlgmatica  Jones 

Paraplonoayllla  longicirrata  (Webster  and  Benedict) 
Paraprlonoapio  pinnata  (Ehlers) 

Pectinarla  gouldll  (Verrill) 

Perlploma  app . 

Pheruaa  ehlersl  Day 
Phioe  mlnuta"  TFabrlciua) 

Phyllodoce  arenae  Webster 
Phyllodoce  caa tanea  (Marenzeller ) 
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Phyllodooe  mueoaa  Oersted 
Phyllodocldae  spp. 

Plonosyllls  sp . 

Plslone  remoba  (Southern) 

Plata  crlatata  (Muller) 

Plata  palmata  (Verrlll) 

Plata  quadraTobata  (Augener) 

Podarke  obaoura  Verrlll 
Polyclrrua  exlmlua  (Leldy) 

Polydora  oaulleryl  Meanll 
Polydora  commenaalla  Aodrewa 
Polydora  llgnl  Webater 
Polydora  aoolalla  (Shmarda) 

Polydora  app . 

Polydora  webaterl  Hartman 
Polygordlua  app . 

Potamllla  app . 

Proceraea  ap . 

Protodorvlllea  kef eratelnl  (Mclntoah) 
Paeudeury thoe  amblgua  (Fuavel) 

Sabellarla  vulgaris  Verrlll 
Scallbregma  Inf latum  Rathke 

Schist omerlngoa  caeca  (Webster  and  Benedict) 
Schlabometngoa  rudolphl  (delle  Chlaje) 
Scolelepla  bouaf leldl  Pettlbone 
Scolelepla  ap . 

Scolelepla  aquamata  (Mueller) 

Scoloploa  rubra  (Webater) 

Scoloploa  app . 

Shaeroayllla  sp . 

Slgallon  arenlcola  Verrlll 
Slgambra  baaal  (Hartman) 

Slgambra  app . 

Slgambra  tentaculata  (Treadwell) 
Sphaerodoropala  ap . 

Sphaeroayllla  hyatrlx  Claparede 
Splo  aetoaa  Verrlll 
Splochaetopberua  oculatus  Webster 
Splonldae  spp. 

Splophanea  bombyx  (Claparede) 

Sthenelala  boa  (Johnston) 

Sbhenelala  llmlcola  (Ehlers) 

Sthenelala  spp . 

Streblosplo  benedlctl  Webster 
Streptosyllla  pettlboneae  Perkins 
Syllldae  app. 

Syllldea  convoluta  Webster  and  Benedict 
Syllldes  fulva  (Marlon  and  Bobretsky) 
Syllldea  japonlca  Imajlma 
Syllldes  papllloaa  Hartman-Schroder 
Terebellldae  app. 

Travlala  parva  Day 

Websterlnerels  trldentata  (Webster) 

ANNELIDA  :  OLIGOCHAETA 

Ollgochaeta  app. 
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ANNELIDA  ;  HIRUDINEA 

Hirudlnea  ap. 

SIPUNCULA 

Phaacollon  atrombi  (Montagu) 

MOLLUSCA  ;  GASTROPODA 

Acanthodorla  plloaa  (Ablldgaard) 

Acteoclna  canallculata  (Say) 

Anachla  laf reanayl  (Fiacher  and  Bernard!) 
Buaycon  carlca  (Montfort) 

Corambella  depreaaa  Balch 
Crepidula  fornlaaba  (Llnne) 

Crepidula  plana  Say 
Cyliohnella  bldentata  (Orbigny) 

Epitonium  humphr ey a  1  (Kiener) 

Eupleura  oaudaba  (Say) 

Gaatropoda  app. 

Haminoea  aolitarla  (Say) 

Hyalina  ap . 

Mangelia  oerina  Kurtz  and  Stlmpaon 
Marginalia  roaolda  Redfield 
Mltrella  lunata  (Say) 

^aaaariua  trivittatua  (Say) 

Natlca  puailla  Say 
Nudlbranehia  app. 

Odoa  tomla  a  p  .  a 
Odoatomia  ap .  b 

Onchldorla  aapera  (Alder  and  Hancock) 
Pleurobranchaea  tarda  Verrill 
Polinlcea  duplioatua  (Say) 

Rlotaxia  punotoatr latus  (Adama) 

Turbonllla  interrupta  (Totten ) 

Turbonllla  app. 

Turridae  app. 

MOLLUSCA  ;  BIVALVIA 
Abra  app . 

Anadara  trana veraa  (Say) 

Blvalvla  app. 

Ceraa toderma  plnnulatum  (Conrad) 

Craaalnella  lunulata  (Conrad) 

Craaaoatrea  virginlca  (Gmelin) 

Crenella  decuaaata  (Montagu) 

Enala  dlrectua  Conrad 
Gemma  gemma  (Totten) 

Lyonala  hyalina  Conrad 
Macoma  tenta  Say 
Mercenarla  mercenarla  (Llnne) 

Mullnla  lateralla  (Say) 

Myaella  planulata  (Stlmpaon) 

Mytllua  edulla  Llnne 
Nucula  proxlma  Say 
Pandora  buahlana  Dali 
Pandora  gouldlana  Dali 
Pandora  app . 

Pandora  trlllneata  Say 

Parvlluclna  multlllneata  (Tuomey  and  Holmea) 


MOLLUSCA 


Slllqua  coatata  Say 
Solemya  velum  Say 
Splaula  30lldl33 Ima  (Dillwyn) 

Telllna  agllla  Stlmpaon 
Yoldla  llmatula  (Say) 

Yoldla  3p . 

MOLLUSCA  :  POL YPLACOPHORA 

Chaetopleura  apioulata  (Say) 

MOLLUSCA  !  SCAPHOPODA 

Scaphopoda  ap. 

ARTHROPODA  :  ISOPODA 

Anclnua  depreaaua  (Say) 

Chlrldotea  app. 

Chlrldotea  atenopa  (Menziea  and  Frankenberg) 
Clrolana  pollta  (Stimpaon) 

Cyathura  app . 

Edobea  triloba  (Say) 

Ptilanthura  tenula  (Harger) 

ARTHROPODA  ;  AMPHIPODA 

Acanthohauatorlua  millal  Bouafield 
Ampellaca  vadorum  Milla 
Ampellaea  verrllll  Milla 
Batea  catherlnenala  Muller 
Bathyporela  parkerl  Bouafield 
Babhyporeia  quoddyena la  Shoemaker 
Bathyporela  ap . 

Byblla  aerrata  Smith 
Caprellidae  app. 

Corophlum  app . 

Elaamopla  levla  Smith 
Erlchthonlua  braailienaia  (Dane) 

Gammarua  dalberi  Bouafield 
Gammaropala  ap.  of.  aubherlandl  Nelaon 
Hauatoriua  canadenaia  Bouafield 
Hyperlldae  app. 

Lemboa  amlthl  Holmes 
Lemboa  webaterl  Bate 
Lll Jeborgla  ap . 

Llatriella  barnardl  Wigley 
Llatrlella  clymenellae  Milla 
Llatriella  ap . 

Mlcroprotopua  raneyi  Wigley 
Monoculodea  edwardl  Holmes 
Parametopella  cyprla  (Holmes) 

Parametopella  atelleri  Gurjanova 
Paraphoxua  apinoaua  Holmes 
Protohauatorlua  app . 

Paeudunciola  obliquua  (Shoemaker) 

Rildardanua  app . 

Stenothoe  minuta  Holmes 
Synchelldlum  amer icanum  Bouafield 
Synopildae .  ap . 

Trichophoxua  eplatomua  (Shoemaker) 
Trichophoxua  f lor Idanua  (Shoemaker) 

Unclola  diasimllls  Shoemaker 


Unclola  Irrorata  Say 
Unclola  aerrata  Shoemaker 
Unclola  3 p p . 

ARTHROPODA  ;  CUMACEA 

Cyolaapla  puatulaba  Zimmer 
Cyclaapla  varlana  Caiman 
Dlaabylla  ap , 

Eudorella  app . 

Eudorella  brunculaba  (Babe) 
Oxyuroabylla  amlbhl  Caiman 
Paeudolepbocuma  minor  (Caiman) 
ARTHROPODA  :  MYSIDACEA 

Myaldopala  blgelowl  Tabberaall 
Neomyala  americana  (Smibh) 
ARTHROPODA  :  TANAIDACEA 

Lepbognabha  caeca  (Harger) 
ARTHROPODA  ;  DECAPODA 

Albunea  parebll  Guerin 
Cancer  Irrorabua  Say 
Crangon  aepbemaplnoaa  Say 
Dlaaodacbylua  mellibae  Rabhbun 
Euceramua  praelongua  Sblmpaon 
Llblnla  emarglnaba  Leach 
Majidae  app. 

Ovallpea  ocellabua  (Herbab) 

Pagurua  app . 

Plnnobherea  oa breum  Say 
Thor  floridanua  Klngaley 
ARTHROPODA  :  STOMATOPODA 

Nannoaqullla  gray!  (Chaae) 

PHORONIDA 

Phoronia  paammophlla  Corl 
ECHINODERMATA  :  ASTEROIDEA 

Aaberlaa  f orbeali  (Deaor) 
Aaberoldea  app. 

ECHINODERMATA  :  ECHINOIDEA 

Arbacla  puncbulaba  (Lamarck) 
Echlnarachnlua  parma  (Larmack) 
Melliba  qulnquleaperf oraba  (Leake) 
ECHINODERMATA  :  HOLOTHUROIDEA 

Caudina  arenaba  (Gould) 
Lepboaynapba  Inhaerena  (Ayrea) 
ECHINODERMATA  :  OPHIUROIDEA 
Ophiuroidea  app. 

CHAETOGNATHA 

Chaebognabha  app. 

HEMICHORDATA 

Saccogloaaua  app. 

CHORDATA  :  CEPHALOCHORDATA 

Branchioaboma  virctiniae  Hubba 
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Table  4.  Summary  of  results  of  trawl  samples  collected  from  1979 
through  1984  by  collection  site.  Shown  for  each  site 
are  the  total  number  of  Individuals  of  the  ten  most 
common  taxa,  their  percent  compostion  of  the  entire 
number  of  individuals,  and  the  number  of  trawls 
(frequency)  that  contained  each  taxon.  A  -  North  Site, 
B  -  South  Site,  C  -  Center  Site. 


A.  North  Site 

Crangon  septemspinosa 
Echinarchnius  parma 
Neomysis  americana 
Pagurus  spp . 

Nasaarius  trivittatus 
Lolliguncula  brevis 
Asterias  forbesii 
Ampelisca  verrilli 
Cancer  irroratus 
Crepidula  f ornicata 
Total  Individuals  -  9,083 


B.  South  Site 

Crangon  septemspinosa 
Echinarachnius  parma 
Pagurus  spp . 

Nassarius  trivittatus 
Neomysis  americana 
CrepiduTa  plana 
Cancer  Irroratus 
Crepidula  f ornicata 
Lolliguncula  brevis 
Pleurobranchla  tarda 
Total  Individuals  -  8,201 


C.  Center  Site 

Crangon  septemspinosa 
Neomysis  americana 
Pagurus  spp. 
Echinarachnius  parma 
Nassarius  trivittatus 
Cancer  irroratus 
Asterias  f orbes i 
Crepidula  f ornicata 
Crepidula  plana 
Lolliguncula  brevis 
Total  Individuals  -  8.4‘54 


Number  Percent 

collected  of  total  Frequency 
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50.3 

21 

1,702 

20.7 

20 

640 

7.8 

19 

570 

6.9 

17 

266 

3.2 

5 

173 

2. 1 

5 

1  08 

1.3 

13 

107 

1.3 

5 

88 

1  .  1 

4 

80 
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Figure  2.  Total  oommunlty  parameter 
Total  community  density 

Ordinate  =  number  of  individuals  per  m^ 

X  10^ 

Abscissa  =  months  since  start  of  program 
Vertical  bars  =  Year  markers 


Figure  3.  Total  community  parameter 

Ordinate  =  Shannon's  index  of  species  diversity 
Abscissa  =  months  since  start  of  program 
Vertical  bars  =  Year  markers 


Figure  5 


Total  oommunlty  parameter 


Ordinate  =  Margelef a  index  of  species  richness 
Abscissa  =  months  since  start  of  program 
Vertical  bars  =  Year  markers 


Figure  8.  Temporal  pattern  of  abundance  of  density  dominant 
species . 


Ordinate  =  number  of  individuals  of  the  species 
Nephtys  picta  x  10^ 


Abscissa  =  months  since  start  of  program 


Figure  9.  Temporal  pattern  of  abundance  of  density  dominant 
species . 


Ordinate  =  number  of  individuals  of  the  species 
Ampellsca  verrllll  x  10^ 

Abscissa  =  months  since  start  of  program 

Vertical  bars  =  Year  markers 


Figure  10.  Temporal  pattern  of  abundance  of  density  dominant 
species  . 


Ordinate  =  number  of  individuals  of  the  sped 
Arlcidea  wassl  x  10^ 

Abscissa  =  months  since  start  of  program 


Vertical  bars  =  Year  markers 


Figure  11.  Temporal  pattern  of  abundance  of  density  dominant 
species . 

Ordinate  =  number  of  individuals  of  the  species 
Tellina  agllls  x  10^ 

Abscissa  =  months  since  start  of  program 

Vertical  bars  =  Year  markers 


Figure  12.  Temporal  pattern  of  abundance  of  density  dominant 
species . 

Ordinate  =  number  of  individuals  of  the  species 
Apoprlonospio  pygmaea  x  10^ 

Abscissa  =  months  since  start  of  program 

Vertical  bars  a  Year  markers 


Figure  13.  Temporal  pattern  of  abundance  of  density  dominant 
species . 

Ordinate  =  number  of  individuals  of  the  species 
Splo  setosa  x  103  (log  scale) 

Abscissa  =  months  since  start  of  program 

Vertical  bars  =  Year  markers 


Figure  14. 


Temporal  pattern  of  abundance  of  density  dominant 
species . 


Ordinate 


number  of  individuals  of  the  species 
Arlcldea  catherinae  x  10^ 


Abscissa  =  months  since  start  of  program 


Vertical  bars 


Year  markers 


Figure  16.  Temporal  pattern  of  abundance  of  density  dominant 
species . 

Ordinate  r  number  of  Individuals  of  the  species 
Amastlgos  caperatus  x  1o3  (log  seal 

Abscissa  =  months  since  start  of  program 

Vertical  bars  =  Year  markers 


Figure  17.  Temporal  pattern  of  abundance  of  density  dominant 
species  . 


Ordinate  r 


number  of  individuals  of  the  species 
Protohaustorius  deichmannae  x  10^ 


Abscissa  =  months  since  start  of  program 


Vertical  bars 


Year  markers 


Figure  18.  Temporal  pattern  of  abundance  of  density  dominant 
species . 


Ordinate  =  number  of  individuals  of  the  species 
Spisula  solidissima  x  10-^ 

Abscissa  =  months  since  start  of  program 

Vertical  bars  =  Year  markers 


{  lU*  K  ^  1 


Figure  19. 


Temporal  pattern  of  abundance  of  density  dominant 
species . 


Ordinate  =  number  of  individuals  of  the 
Mediomastus  ambiseta  x  10^ 


species 


Abscissa  =  months  since  start  of  program 


Vertical  bars 


Year  markers 


Figure  20.  Temporal  pattern  of  abundance  of  density  dominant 
species . 

Ordinate  =  number  of  individuals  of  the  species 
Echinarachnlus  parma  x  10^ 

Abscissa  =  months  since  start  of  program 

Vertical  bars  =  Year  markers 


Figure  21.  Similarity  dendogram  of  the  five  sampling  sites 
for  the  top  15  density  dominants. 

N  -  North  Site  S  -  South  Site  C  -  Center  Site 
E  -  East  Site  W  -  West  Site 


